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The attached writeup is an introduction to the PDP-15 Floating-Point 
Hardware project - E-15-07635. It serves as a brief orientation in 
preparation for a presentation before the Engineering Commi ttee on 
August 20, 1970 . Included in the writeup are an opening introduction 
from Marketing, a discussion of floating-point architecture, an esti- 
mate of cost and development schedule, and several explanatory appen- 
dices. 
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PPODTTCT DEFIMITIOM AND CONCEPT 

THK FLOATING-POINT PROCESSOR IS DESIGNED TO RE A ^F^APATF HARDt-mPP 
DEVICE FiTH OP TO 16 INSTRUCT I Ov^S PERFORMING SINGLE ANSommLE 
PRECISION ARITHHETld. " .. i^vnut amd DOUBLE 

THE OMIT IS DESIGNED TO SIT ON FKE ^DP- 1 5 MFmOry ntrc Awn nr^r-r...^^ 
AUTONOMOUSLY FROM THE CENTRAL PROCESSING a^f?r''i?'%Hn?/AC?f AS 
A SEPARATE PROCESSOR PROWIDING THE USER WITH loTTR DlSr^CT nM?T?^ 
ME?v]ORY, CPU, I/O, AND FLOATING-POINT. DISTINCT UNITS: 

MARKETING 



Inl f^O^^JJf'-POIWT HARDWARE PROiajlES A FURTHER COMPLEMENT TO TRF 
PDP- 15. IT SERVES MANY JvJARKETS AMD CONSTITfJTES A NECESSARY PPnnitrT 
ENHANCEMENT. IT WILL ALSO HELP TO FURTHER DIFFERENT^SfoDp-U 
AMD PDP- 15 PROSPECTS. '- ^^ i ...nr^isi i im t. HUP- 1 1 

MARKETS THAT WILL BE AFFECTED B^' THIS HARDWARE INCI UD^ THE PHV<;Tr^ 
S^?,t?f ^PS^FOrAlf rj5J^°" VHERE APPROXIMATEL^'sSi V^^-^l^ 

HEOUIRE THE CALCULATION SPEED EITHER FO^ PAClSf OR FOR D^G ?^ ^ 
simulation; AND our GENERAL SCIENTIFIC MARKET ShfrfhLSsp™ 
ARITHMETIC IS DESIRABLE TO ACHIEVE BETTlf PROGrS ^hSot GHpUT c 30^ 
OF MACHINES). THE HIGH SPEED CAPABILITY WHErCOMPLEMFNT^D Jy ^oJtr/^ 
SOFTWARE CAN REDUCE CALCULATION TIME BY AN 6RDErOF MAGNITUdI AND M^ 
S^HVL^S? ?Sr5iM'?iI!^^^"^ TRADITIONAL COU^Ur^^'^i^^^ ^' 

BUYING BASIC SYSTEMSJ LATER AS ExTD-OF-YKAR FUND^ Sd A LOoSp JpLam 
PERMIT, THE FLOATING-POINT PROCESSOR JlL BECaM^ A DESI^ABLF aSd ON 
WE EXPECT THAT THE DEMAND WILL START UP SLOW, ACCELFRATF !« tSe 
POPULATION OF PDP- 1 5 • S EXPANDS AND SLOt-r DOT.^ A^tSf PD^-^f IS oHAc^n 
OUT. THE PRODUCT LIFE IS ESSENTIALLY THAT OF THE PDP^IS ALTHOTIcS 
PHASE 0™"'*' '■"'•'' ^^' '"'^^ ""'^°^^^'- ""^-^^ l-IFE PAS? THE PDP.Js 



COMPETITIO^Si 

i^'l OATir'vlG- miv-r' wflPV3T,jARE ''TK.L ALLOW THK PDF- 15 TO PERFOHI ^^'ELL 
ONi~PFMCHr^AV^K<^. 'cnPT^KNTLY '■'^. BSNCHMAF?'^ POOPLY EVEN COMPARED TO 
MACHIV3ES ^■'ITH SLO'-'EP CYCLE TIMF DUE T^) GUP SOFTWARE FLOATING- POIMT 
APITHMETIC IMPLEMENTEH VIA EAE. 

. „^ oArKAPD HAS DEMOrM^TPAT^D RUT S50T YET DELIVERED FLOATIMr,- 

FAriuARY, 1971. THE HARDWAT^'^ ^.^11 PEPFOT^M TBI GOMOMETPIC FtWCTlOMS 
is" WELL -^ FLOATING-POINT ^DD, SUBTPACT, MT'LT I PLY, .DIVIDE, AJ30 
MOPMALI?^E. '■ 

OHP oROTMTqFD HAPDWAPE "TLL GIVf t^s A 4l6NIFICA^3T ADVANTAGE IM THE 
^4/^nKET OUKK XDS Ai^oD HOf^EY^SILL <MD HELP IN THE MATCH WITH HEWLETT 
o-xcKA^D. THE HAPD"APE rMTFPER ARITHMETIC ALL0V5 US TO PEPFOPM V 

nOllPLE Pv^niSlON I^*vT.GEB CALCm.A-IONF AND THUS A^35WEPS ONE 
OF"HO^JEv^^H•M '^^ SELLIMR APGU^^«:wrs. IT ALSO PROVIDES m EFi'ECTIVE 
MAPKFT IMG TOOL IN COMPAPISOM X-JITH T^E HEWLETT PACKARD HAPDWAPE. 



l^ 



VOLi'ME 



AT A SELLING PPICE OF S10-iaK VE EXPECT TO SELL AHOTJiao 853 FLOATI^JG- 
P0I>3T P^'OCESSOPS. 
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1. DESIGN GlTIDELIiNJES 

THE FLOATING-POINT PROCESSOR M15ST BE ABLE TO HUM THE EXISTING 
raRTRAM COMPILER AT AW IMPROVED SPEED AMD WITH A MIMIMLn4 WUtvlBER OF 
CHAMGES TO THE COMPILER. THIS IS ACCOMPLISHED BY REPLACING EACH 
FLOAT ING-oQ INT SOFTWARE SUBROUTINE WITH AM EQUIVALENT HARDVfARE 
INTSTRUCTIOM. GLEiNJW WICKELGREN'S MEMORAMDUM OF JANUARY 6* 1970* 
SPECIFICATI0I>3 FOR FLOATING-POIISIT HARDWARE FOR PDP- 1 5* GIVES THE ^ 
FOLLOWING: ■^' 

"II. FLOATING-POINT INSTHUCTIOiSF FORMAT ' 'i 

THE FORTRAM IV COMPILER GENERATES A CALL TO A SUBROUTIWfe FOR EA©H 
FLOATIil^G OPERATIONf TO BE PERFORMED. THIS CALL LOOKS AS FALLOWS: 

Jt^S SUB /FLOATING OP. 

.DSA ARG /ARGUMEiNIT 

/RETURN 

THE SUBROUTINE SUB IS DIFFERENT FOR DOUBLE PRECISTOM ARGOT^.EMTS THAiV 
IT IS FOR SINGLE PRECISI0^3 ARGUMENTS. THE ADDRESS ARG POINTS TO THE 
FIRST WORD (IS THE ADDRESS OF THE FIRST WORD) OF THE ARGUMEMT OF THE 
FLOAT II^G-PO INT OPERATION (15 BIT ADDJ^ESS). THE BITS 0-8 OF THE 
ARGUMENT ARE 7.ER0 EXCEPT WHEN I>3DIRECTI0W IS INVOLVED. IF BIT R OF 
THE ARGUMENT IS 1 THEN BITS 3-17 CONTAIN THE ADDRESS OF A LOCATION 
'■■HOSE CONTENTS (BITS 3-17) POINT TO THE FIRST WORD OF THE ARGUMENT 
(ONLY 1 LEVEL OF INDIRECTION IS INVOLVED AND BITS 0-2 OF THIS WORD 
MOST BE IGNORED).* AFTER THE OPERATION IS COMPLETE* CONTROL IS 
RETURNED TO THE NEXT REGISTET? FOLLOWING THE ARGUMEJ^T ARG. IF 
FLOATING-POINT HARDWARE IS tO OPERATE SUCCESSFULLY WITH THE COMPILER* 
A HARDWARE INSTRUCTION MUST BE AVAILABLE WHICH CAN REPLACE THE 
INSTRUCTION (^«IS SUB) WHICH TRANSFERS CONTROL TO SOFTWAFJE' ROUTINES 
WHICH HANDLE THESE OPERATIONS. IN OTHER WORDS A^3 lOT (OR OTHER OP 
CODE) INSTRUCTION MUST REPLACE THESE ROUTINES. 

* THE HARDWARE FLOATING-POINT PROCESSOR MUST ALSO PERFORM THIS ONE 
LEVEL OF INDIRECTION WHEN DIRECFED." 

THE NECESSITY OF EXECUTING irJ-LINE CODE GENERATED BY 
THE COMPILER MADE IT NECESSARY TO !:>LACE THE FPU ON THE MEMORY BUS* 
INSTEAD OF PLACING IT ON THE 1/3 BUS. THE FORTRAN COMPILER HAS 
DICTATED '■;V{AT CONSTITUTES THE F^U. EARLIER DESIGNS OFFERRED A 
MORE POWERFUL FLOATING-POINT PA3KAGEj BUT THE SERIOUS LIMITATION 
WAS THAT THE oRinSENT FORTRAN COMPILER COWT.D NOT TAKE ADVANTAGE 
OF SrJCH A UNIT UITHOUT UNDERGO! >3fi AN EXTENSIVE REWRITE. ALTHOTTGH 
A COMPILE'^ REVRITE WAS CONSIDER SD, IT "'^-'^- REJECTED AS IMpnAGTICAL 
AT THIS POINT IN TIME. SINCE T HtE !''A.JOBITY OF PD?- 1 5 !!c;ERS'^'dEAL 
EXCLUSIVrKI.Y T-HTH FORTRAN> THE ^^Qr>()<^E)) DESIGN WILL OFFER ONLY WHAT 
CAvl BE EASILY IMPLEf'tE'NTED IN TH S PR;<:s..:MT FORTRAN COMPILER. THE 
SINf^T.E EXCEPTION TO THIS IS THE INCLU"iaN OF INTEGER ARITHMETIC* 
WHICH TAKES ADVANTAGE OF MOST 0^ TF'-, FLOATING-POINT HARDWARE AND 
P^OVIDivS MAT^KfTTING WITH AN ATTRACTIVE MATH PACKAGE TO DISTINGUISH 
IT FROM ITS COMPETITION. 



CPA6E 2) 
S. ORGANIZATION 
INSTRUCTION FORMAT 

THE FPU HAS BOTH SINGLE AND DOUBLE LENGTH INSTRUCTIONS. 



FIRST WORD 



1 7 


1 


..' 


OP 


L 


P 


F 


M 


S 




5 


6 


9 10 11 12 13 




17 



SECOND WORD 



01 



A 



-irr 



BITS 00-05 OF THE FIRST tvOPD CONTAIN AN OCTAL "71" TO 
SOKCIFY A FPU INSTRUCTION. THE "71" APPEARS AS A NO-OPERATION IN 
THE CPU. 



0? 
L 



n 



I 

A 



BITS 06-09 DECODE INTO SIXTEEN UNIQUE INSTRUCTIONS 

BIT 10=0> SINGLE LENGTH ■INSTRUCTION /' 
BIT ,10=1' DOUBLE LENGTH INSTRUCTION 

BIT 11=0' SINGLE PRECISION . 
BIT 11=1* DOUBLE PRECISION 

BIT 12=0* INTEGER FORMAT 
BIT 12=1, FLOATING FORMAT 

BITS 13-17 MODIFY THE LOAD AND STORE INSTRUCTIONS 

13 ajN ASSIGNED 

14 ROUND FROM DOUBLE TO SINGLE PRECISION 

15 MAKE POSITIVE 

16 MAKE NEGATIVE 

17 COMPLEMENT 

BIT 00=1 SPECIFIES INDIRECTION 

BITS 01-17 SPECIFY THE ADDRESS OF THE FtRST WORD OF 
THE ARGUMENT 



* SEE AP=>ENDIX A 
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DATA FORMAT 

'"" ;:; pp^ single and double precision DATA FORMATS ARE THE 

SAME AS THOSE IN THE EXISTING POP-IS FLOATING-POINT SOFTWARE. 

DOUBLE PRECISION FLOATING-POINT (54 BIT5> 

FIRST 
WORD 



SECOND 
WORD 



THIRD 
WORD 



FIRST 
WORD 




EXPONENT 

(2»S COMfLEMENT) 




HIGH ORDER MNTISSA 
SIGN 




LOW ORDER MANTISSA 



SINGLE PRECISION FLOATING-POINT (36 BITS) 




EXPONENT 

{2«S GOMPLEMENT) 

LOW ORD^ MANTISSA 



SECOND 
WORD 




HIGH ORDER MANTISSA 
SIGN 



^OTE. THE FLOATING-POINT js^TissA IS KEPT m sim^mmrwm 

FORMAT. ALL OPERANDS ARE ASSUMED NORMALIZED. 



* <PA(3E A> 

INTEGER ARITM«EtIC ALSO HAS BOTH SINGLE AND DOUBLE PRECISION. 

DOUBLE PRECISION INTEGER (36 BITS) 



FIRST 
WORD 




SECOND 
WORD 



HXG^ 0HD8H OPB^ND 




LOW OHDSB 0PSR4ND 



SINGLE PRECISION INTEGER C18 BITS) 



SINGLE 
WORD 




NOTE: THE INTEGER OPERAND IS m TVJO ' S COMPLEMOaT FORMAT. 
* 
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OPKPATIO'M 



CORE 
MEMORY 
















FPU 














PDP-15 
CPU 





J\m FLOAT IiNiG-POIMT SYSTEM C0WFI6UHAT ION HAS TH5 FPU "BLACK 
^OX" PHYSICALLY OP'D OW THE MEM:)RY RTTS i^ETWEE^F CORE MEMORY AMD 
7'-!..', T3DP-1S nPTi, THTTS SITriATED* THE FPU MOWITORS ALL IMSTPUCTIOf\f-S 
FS-TCHED FROM CORE AMD EVAMIMES EACH FO^ THE "71" IM BITS P0-05. 
THE "7i" APPEARS AS W0-0PEi^ATI0v1 IN THE CPU, BUT IT IMMEDIATELY 
FLAf^S THF FPTT TO AMNOUIMCE ITS OGCUPPANCE. THE FPH ACKiMOWFLDGES BY 
DISABLIMR THE CONTROL CIRCUITPY WHICH ALLOWS THE CPU TO MAKE A 
■•■i^vvlOWY PF-oniTST. I/O MEMORY REQUESTS APE STILL ALLOT-TED ACCESS TO 
CORE. THE PITS TO THE RIGHT OF "71" PROVIDE IMFORMATIOW ON THE 
IMSTRUCTIOM TYOE> INSTRUCTION! LEMGTH* DATA PRECISION* AMD DATA FORMAT. 

IF A DOUBLE LENGTH I-MSTRUCTIOW IS SPECIFIED, THE CPU IS 
F..^3ABLKD TO ALLO¥ FOR ONE MEMORY ACCESS TO OBTAIN THE SECOND ^'ORD OF 
THE INSTRUCTION. THE CPU °C WILL INCREMENT PAST THIS SECOND. WORD 
AND BE CORRECTLY POSITIONED FOR CONTINUED EXECUTION WHEN CONTROL 
IS PETUR^NJED. THIS TECHNIQUE OF ALIGNING THE PC REQUIRES THAT THE 
SECOND WOPD BE MADE TO LOOK LIKE A NO-OPERATION TO THE CPU. THE 
ACTUAL SECOND WORD IS LOADED INTO THE FPU. THIS SECOND WORD CAN BE 
EITHER THE ADDRESS OF THE MEMORY OPERAND (NO INDIRECTION) OR THE 
ADDRESS POINTING TO THE ADDRESS OF THE iVlEMORY OPERAND (INDIRECTION). 
E:VEMTUAL TRANSFER OF THE OPERAND TAKES ONE, TWO, OR THREE ACCESSES 
TO CORE ME.MORY, DEPENDING ON THE PRECISION AND DATA FORMAT TRANSFESBED. 
THE LAST PHASE OF THE INSTRUCTION IS TO RELEASE THE HOLD ON THE CPU ., 
MEMORY REQUEST CIRCUITRY. 
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3. HARm-TAPE IMPLEM'^NTATIOW 

SEVERAL MSI (MEDIUM SC/^LE IMTsGRATIONi ) DEVICES ARE PLAMMED 
TO BE USED liM THE FPU. 

DEC74181 4-BIT PPITHf^iETIC LOGIC UMIT 

DEC7418a CAf?ftY LOOK AHEAD 

DEC74i53 a-LINE TC I -LIME DATA SELECTOR 

DEC74154 4-LIME TO 16-LIME DECODER 

DEC7495 4-BIT SHIFT REGISTER . 

DEC74193 4-QIT £Y^iCHROMOUS UP/DOTM COUNTER 

THREE GENJERAL PURPOSE BOARDS HAVE; BEE'M MADE TO UTILISE THE ABOw: IC'S- 

50-08912 TWO 16-Pli\' IC'S, ALL PIi\IS BROUGHT OUT^ POWER 

OM PINS 16 AMD 8* SEPARATE GROUND LOOP FOR 

EACH IC, AVAILABLE AS V961. 
50>§;}j^Q0g ONE a4-PIW IC^ ALL PINS BROUGHT OUT, POWER 

OM PINS 24 AMD 18, AVAILABLE AS W96g. 
5(^-08914 TWO 14-PIl\I IC'S, ALL PIMS BROUGHT OUT, POWER 

OiS3 PINS 14 A-'^D 7, SEPARATE GROUND LOOP FOR 

EACH IC, AVAILABLE AS ^'J963. 

' THE FIRST PROTOTYPE ¥ILL MAKE EXTENSIVE USE OF THESE BOARDS 
IM THE DESIGN. SPECIAL PARTITIONING HAS ALREADY BEEM DEVELOPED FOR' 
THE SECOND PROTOTYPE WHICH WILL COMBINE SIX OF THESE SINGLE HEIGHT 
CA'^DS INTO ONE DOUBLE HEIGHT CARD. THIS NEW CARD WILL BE USED TO 
REDUCE TME 96 MODULE SLOTS REQUIRED FOR REGISTERS AND ADDERS IN 
PROTOTy^E I TO 3S MODULE SLOTS IN PROTOTYPE II. IF THE MODULE SLOTS 
REQUIRED FOP CONTROL LOGIC CAW BE KEPT TO LESS THAN 69% OF THE TOTAL 
COUNT, THE FPU CAN BE PACKAGED IN TWO MOUNTING PAIxFELS CI SB MODULE 
SLOTS). AS A COMPARISION, THE PDP-15 CPU IS CONTAINED IN S 1/4 
MOrjNTING PANELS AND USES 79 OF THOSE MODULE SLOTS FOR CONTROL. IF 
THE FPr; CAN BE CONSIDERED TO RE NO MORE COMPLEX (/^D/OR COMPLICATED) 
THAN THE CPU, THE LIKELIHOOD OF FITTING THE FPU IN THE ALLOTTED 
SPACE IS GOOD. 



(DA!-'-: 7) 

/:« DEmj^L055;^E^MT >nHK>VT^.K '^xiD '')AViTtK/> CTH'; I'\ G COPT E-7IMATK 

I^j ARRIVING AT '^AiMf3F':>CT'-PI v{- COST, AiV! AUEPAFK COST OF 
TRM DOLLARS ^Ro M0DT.1L?: -AS U'-SlVj fqp KVT^TIMG "JOO'n.KS A-sID ^R»:<^E-'1T 
IaTTEGRATKD Cl'^Cnit costs '•^HSK nsvn TO r:«;i ER"^ IsMK ':hv C0«=T OF nJF-' ']")n--i.V' 
r^JFQPMATIOM F^OM THE ='7J«CHASIVn DE'-A^T'XE.:v T INiDICATES THAT Tt-n-; d c t 
C0MO0^5E^^TS OM the ME'" MODHLES ^''ILL E'-'a- ::vT E:vCE A An - 5^7 COST -"K' mrrj,)- 
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viA^!TTEACTU~IMC COST 



MOOMTPJG PAiNJEI. wTTH AS, C^y & Tl nn^i^-EL r^ 

I/O CA^LE" f'SIvJG ''090/! CO'^^xVECTOn '- t 

;-n75 CLOCK ANO TIME STATE (-^EMhP ATO^' 1 

■.Tiofr!,rRAo qE'JUICE 3^ '1M0 '.'I^ES Q Kvi,!--; 1 

MA'vJTISSA AD!)EE i^ODTILE C»AWT-' AXtO "••AME. COST) 9 

ADDPE^S ADDER MODOLE CPA9TS A-\ij> ■jAv!--. COST) 5 

ADDITIONAL STAMDAi^D ;'iO]:)T'LE'^ (^^l 



3f^. 75 
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f ■ V' 



SI 



■-■i 



1 J s :^ ■ : . 'V 1 



MATERIALS S1>:-!SQ.^0 

liMSTALLATJO^J IinI FIELD (l-^^HR-) '>'{.H^4 

CHECKOUT CS iviAixTDAYS) P/!'}.0^:■i 

S 1 J f;>«;:^0. -"lO 



AFTER COMFEPvn.OG WITH J. GALVIN Avii E. SI>5EO0v1E, -kQVI'^IOV -AS -a^e 
FOi^ THE DOc;^iRT_.].j eATE" AD-DITIONJ 0"' ^ '-^O^'EP S''''"^EY ''^MD i-'O'^ A T-: J i'i-S^f: 
iTO'^EA'^E I'Si C0"7. 
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OT'D ^ 1 O "7 1 


JUNE 


JULY AUGUST 


SEPTEMBER 


OCTOBER 


NOVEMBER 


DECEMBER 


LAYOUT AND DESIGN OF PROTOTYPE I 


© 

DOCUMENT 


LAYOUT AND DESIGN OF PROTOTYPE II 



IE 



1.5E IT 



IE 



1.5E IT 



1.5E IT 



1.5E IT 



WI RELIST 



ID IT 



ID IT 



MECHANICAL LAYOUT AND DESIGN OF SYSTEM 



O.IE 0.5D 



© 



FINAL DESIGN 



0.2E 



SPECIFY PARTS 


BUILD 
PROTOTYPE I 


CHECKOUT OF PROTOTYPE I 



0.5T 



0.5T 



IT 



IT 



0.5T 




IPR 



IPR 



2PR 



2PR 



2PR 
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IE 


1.6E 


IE 


1.5E 


1.7E 


1. 


IT 


2.5T 


0.5T 


2T 


2T 


i. 


ID 


1.5D IPR 


IPR 


2PR 


2PR 


2E 



5E 





QTP. 3 1971 






OTR. 


4 1971 




1 


JANUARY 


FEBRUARY 


MARCH 


APRIL 


MAY 


JUNE 


DESIGN 
PROTOTYPE II 


ENGINEERING SPECIFICATION 


© 








© 



1.5E IT 



IE 



IE 



IE 




ID 



4D 



3D 



3D 



1 - LOGIC DESIGN REVIEW 

2 - MECHANICAL REVIEW 

3 - FINAL REVIEW 

4 - RELEASE TO BUILD 

5 - RELEASE TO PRODUCTION 



BUILD PROTOTYPE II 6 PRE-PRODUCTION 



0.5T 



IT 



IT 




2T IFS ITW ITNG 



SYSTEMS PROGRAMMING 



2PR 



2PR 



2PR 



2PR 



2PR 



2PR 



HARDWARE AND SOFTWARE MANUALS 



ITW O.IE 



ITW O.IE 



ITW O.IE 



ITW O.IE 



ITW O.IE 



ITW O.IE 



1. 


6E 




1.. 


LE 


1.: 


LE 


1. 


5T 


ITW 


IT 


ITW 


IT 


ITW 


IE 


2PR 


4D 


2PR 


3D 


2PR 



I.IE 

2TW 2T ITNG 

3D 2PR IFS 



O.IE 
ITW 2PR 



O.IE 
ITW 2PR 



IMSTmJCTION SET 
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INSTRUCTION LENGTH 



ADD ...: 


DOUBLE 






SUBTRACT 


DOUBLE 






REVERSE SHBTHACT 


DOUBLE 






MULTIPLY 


DOUBLE 






DIVIDE 


DOUBLE 






REVERSE DIVIDE 


DOUBLE 






LOAD 


SINGLE 


AND 


DOUBLE 


STORE 


DOUBLE 






FLOAT 


SINGLE 


AND 


DOUBLE 


FIX 


SINGLE 


mD 


DOUBLE 


DIAG^jOSTIC 


DOUBLE 






SWAP 1>40 


SINGLE 






UsNJASSIGNED 








V'\! ASSIGNED 








HMASSIGNED 








fTAJASSIG^:lED 









THE FIBST OPERAMD LOCATIOM IS A 54-BIT HAPDWARE ACGirMULATOB 
IM THE FPU. FOR DOUBLE LEt>IGTH INSTPUCTIOMS THE SECOND OPERAND IS 
HELD liM GORE MEMORY. WHEM THE IWSTPUCTIOM LEiMGTH IS SINGLE> THE FPU 
HARDWARE ACCUMULATOR IS USED AS THE SECOND 0e>ERA!SJD. 

IN FLOAT IMG-POINT MULTIPLY THE 1S50BMALI ?.ED RESULT KA^ THE 
MOST SIGNIFICANT BITS IM THE FP'J HARDWARE ACCUM'ULATOR AMD THE LEAST 
SIGWIFICAMT BITS IN THE FPU MQ. THE MQ, A 36-BlT EXTEMSIO??' OF THE 
HARDWARE ACCUMULATOR* MAY BE ACCESSED WITH THE DIAG'>J0STIC J^D SWAP MO 
INSTRUCT I OiNiS. IM INTEGER ?yiULTI=>LY, THE LEAST SI e^IFICAiMT BITS OF > 
THE PESin.T ARE IM THE FPU HARDWARE ACCUMUL.ATOR AMD THE MOST SlGe*IFICAMT 
BITS ARE Ifo THE FPU MO. MULT IP -..I CAT I ON IS BETWEEN TWO 36-BIT OPERAMD 
REGISTERS AND RESULTS APPEAR IW THE 36-BlT MAJvlTISSA PORTION OF THE 
F»U HARDWARE ACCfJMULATOR AMD THi 36-BIT FPU MO. 

ROTH FLOAT IMG-POIWT DIVIDE AMD INTEGER DIVIDE RESULT WITH 
THE QUOTIENT IN THE 3&-3IT MAMTISSA PORTION OF THE HARDWARE ACCUMULATOR 
Aiv'D THE REMAIMDEP IN THE MQ. I^JTEGER DIVISION IS WHOLE NUMBER 
DIVISION. IF THE DIVIDEND IS L 2SS THAN THE DIVISOR* THE QO0TIE^5T 
IS ZERO. 

PROGRAM INTERRUPTIONS: 

OVERFLOW - MAGNITUDE OF RESULT EXCEEDED MAXIMUM REPRSSENTABLE 

NUMBER Llf^IT. 

UNDERFLOW - MAGNITUDE OF RESULT EXCEEDED MINIMUM REPRESENT ABLE 

NUMBER LIMIT. 

DIVIDE - DIVISION BY ZERO IS ATTEMPTED. w 
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ADD 

THE SFXONn OPERAND IS ADDED TO THE FIRST OPERAMDj AMD THE SUM IS 
PLACED m THE FIRST QdeRAMD L0C!\TI0:\1. 

PPOGBAH INTERRUPT lONFS: 

TJNiDERFLOW 

OVERFLOW 

SimiBACT 



THE SECOMD OPERAiNID IS SUBTRACTED FROM THE FIRST OPERAMD, AMD THE 
DIFFERENCE IS PLACED IM THE FIRST QOERAMD LOCATION. 

PROGRAM TMTERRUOTIOMS: 

lIiNJDERFLOW 

OVERFLOW 

REVERSE StrnTRACT ' 

THE FIRST OPERAMD IS SUBTRACTED FROM THE SECai>3D OPERA^JD, AMD THE 
DIFFEBEiSJCE IS PLACED IN5 THE FIRST OPERAND LOCATION. 

PROGRAM INTERRUPTIONS: 

'JMDERFLO¥ 

OVERFLOW 

lyiULTI'^LY 



r^^ PPODUCT OF MULTIPLIER (THE SECOND OPERAMD) AND MULTIPLICAND 
CTHE FIRST OPERAND) REPLACES TH-: MULTIPLICAMD. 

PROGRAM INTERRUPTIONS: 

L''^IDERFLOW 

OVERFLOV 

DIVIDE 



niE Di'7iO£-'r.: rT?9s: riRsr QPE?^mn) is dividied by nm ^I'vi sisw -ithe 

SSCOMD OPERA'MD) AND REPLACED RY THE QUOTIENT. THE REMAIE^DER IS LEFT 
IN THE .^Q. 

PROGRAM INTERRUPTIONS: 

UNDERFLOW 

OVERFLOW 

DIVIDE 
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REVERSE DIVIDE 



THE DIVIDEND (THE SECOND OPERAND) IS DIVIDED BY THE DIVISOR CTHE 
FI^ST OPEPAMD). THE QUOTIENT IS PLACED IM THE FIBST OPERAND LOCATION. 

opOGRAf-l I!''JTF:RRUPTI0NS: 

UNDERFLOW 

OVERFLOW 

DIVIDE 

LOAD 

THE SECOND OPERAND IS PLACED IW THE FIRST OPERAND LOCATION. BITS 
13-17, M, OPERATE ON THE SECOND OPERAND PRIOR TO THE LOAD. USE OF 
THESE BITS CREATES A SUPSET OF LOAD INSTRUCTIOMS: 

LOAD ROUNDED 
LOAD POSITIVE 
LOAD NEGATIVE 
LOAD COi'IPLEHENT 

PROGRAM IWTERRUJ'TIONS: 

OVERFLOX^ (OCCURS ONLY ON LOAD RXINDED) 

STORE 



THE FIRST OOERA'MD IS STORED AT THE SECOND OPERAND LOCATION. BITS 
13-17,,, M> OPERATE ON THE FIRST >PERAMD PRIOR TO THE STORE.. USE OF 



'■a- 



THESE BITS CREATES A SUBSET OF STORE INSTRUCTIONS: 

STORE ROUNDED 

STORE POSITIVE 

STORE NEGATIVE 

STORE COMPLEMENT 

PR0GRA^5 INTERRUPTIONS s 

OVERFLOW (OCCURS ON STORE ROUND CD AND VHEM POSITIVE EXPONENT BITS 

ARE LOST ON SINC^LE PRECISION STORE) 

UNDERFLOW (NEGATIVE EXPONENT BITS LOST OM SINGLE PPECI SION , STOf?E) 

NOTE: LOAD ROUNDED AND STORE ROUNDED CHANGE DATA PRECISION FROM 
DOUBLE TO SINGLE BY ADDING 0000150 500403 TO THE MANTISSA A^fD 
RENORMALIZING. 



FLOAT 
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TH-: OAT A FOR'IAT OF THK SKCOWD OPERAMD IS CHAMGED FPGM I^^TF.G!tB 7*0 
FI.!}ATIMG-POIMT. THE SECOMD OPFP.A.MD I «; A IB OH 36-BIT INTFGF.P. THE 
PKS'.n.T IS Pt.ACKO IW THE FIRST OPEPA^JD LOCATIOM. 

PROGRAM IMTF.PPT.I=>TIOMSt ■\FONE 

FIX 



•r-"E DATA FOSivjAT OF THE SECOND ORERAiNJD IS CHAi'JOED FBOM FLOAT It>JG-PO IMT 
TO K>JTEGE"^. TH£ PESULT IS A 18 OP 36-BIT INTEGER AND IS PLACED IN THE 
FIP3T OPEPAMD LOCATION. 

PPOGRAM INTEPRU^TIOMS: 

0-.;ERFL0¥ (SIGNIFICANT BITS LOST ON FORMAT CHANGE) 



DIAGixiOSTIC 



THIS IWSTPUCTIOiJ WILL BE IMPLEMENTED TO DIAGNOSTIC PHOGRA-MMIiMG 
SPECIFICATION'S. IN GENERAL, IT tJiLL ENABLE THE DIAG^JOSTIC PROGRAMMER 
TO Pl'T THE FLOAT ING-POIMT UMIT IM SINGLE- STEP CHECKOUT MODE ANID 
PRO^/IDE ACCESS TO ALL ESSENTIAL COiXFTPOL CIRCUITRY AJ3D HABDt.JARE 
PEGISTERS. THIS I^^STPUCTIOM WI..L ALSO SERtJE TWO OTHEP FTTMCTIOMS. 
FIRST, IT WILL 1U.LOW USER INF0P«lATI0i^3 IW THE FPU TO BE SAVED OR 
PESTORED -'UTH ft SINGLE I^3STRUCT lOM. SECOND, IT WILL 0IVE ACCESS TO 
AW IMTEPRMPT EXCEPTION REGISTER. WHICH MAY BE EXAMIMED TO DETERMIW 
THE CAUSE OF THE FLOAT IMG-POIWT I^JTERPUPT. 

S^*?AP Viq ' ^ 

THE 36-BIT MANTISSA PORTION OF THE FPU HARDWARE ACCUMULATOR AND THE 
36-BlT FPU MO ARE SWAPPED. 



PROGRAM INTERRUPTIONS: NONE 



'C«ARE Rl ) 
'J'AaTOLIMG of I'^JTEPRHPT EXCEPTIOiSSS 



0U'vRF1..0¥ - i^AGMITUDE OF ■RESULT EXCEKO^^D MAXIMUM F?E"PESENTABLE 
i^ini'lREB LIMIT. 

n-vIDF.nFLO''! - ^<ARaiTn))E OF result exceeded MIXIMTTV! PF,PFE<^E'N5TAPLE 
■\nTMPEf? LIMIT. 

niurovT - DT57TqiOM PY 7KP"» IS ATTEMPTED. 

!.?HE;vJ AN i\iTPv?PfTDT E'S^C E'^^T J OM OCCripS* EXeCiJTIONF STOPS AND THE Fori 
ATTTO'VIATICALLY FORCES THE COTJ TO ^MS TO THE EXIT ADDRESS. THE EXIT 
ADDRESS IS KE^T W A 15-PIT REGISTER IM THE FPU^ WHICH CAM BE ACCESSED 
Py THE PROGRAMMER THROUGH USE OF THE DIAGNOSTIC IMSTPUCTION. UPOM 
CO:<!PLETIOM THE EXIT ADDRESS LOCATION WILL C0?vfTAIis3 THE ADDRESS OF 
THE LAST WOPD OF THE LAST FPU I MSTRT-CTIO'M EXEC^JTSD PLUS TWO. 

E.G. 

FPU INTE3P?.TOT OCCURS 

E^'IT ADDRESS LOCATION 
MILL GOiSJTAIiNI "A+3" 



PRESUMABLY> THE EXIT ADDRESS WI :.L POIIMT TO THE ERROR HAiMDLI^JG 
ROUTIME FOR FLOAT IMG-POIMT. THS DIAGNOSTIC INSTRUCTION MAY BE USED 
TO LOOK AT THE STATUS OF THE OVERFLOW, UMDERFLOW^ AMD DIVIDE 
liNJTSRRUPT FLOPS AND THE INSTRUCFIOM LENGTH OF THE INTERRUPTED 
I ivi STRUCT low. 



A 


FLOAT. ADD 


A+1 


ADDRESS OF ARG. 


A+8 


LAC B 


A+3 


DAC C 
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APPEMDIX C 
OPEPATIiM-G FEATURES AMD CONSTRAINTS 



MAXIMUM OF oeae level of indifectiom 

OPERANDS i^lUST BE M0Ri^1ALI?:ED 

RESULTS ARE AUTOMATICALLY NORyiALI?,ED 

IF A CALCULATION RESULTS IM A /^E;R0 MAGNITUDE^ THE EXPONENT IS 

ZERO'D AND THE SIGN MADE POSITIVE 

NEGATIVE ZE'RO IS MOT ALLOWED 

THE ADDRESS OF THE AHGT.J^5EMT IS A 17-BIT NUMBER 

ROUNDI'^G TAKES PLACE AFTER ALIG-^IWG AMD AFTER MORMALIZIWG ( + t IS 

ADDED TO THE LEAST SIGMIFICAMT BIT OF THE MA'^JTISSA IF THE NEXT 

RIT OFF THE LSB END OF THE MANTISSA IS 1) 

I/O MEMORY REfJUESTS ARE GIVEN PRIORITY OVER FPU MEMORY REQUESTS 

THE PROGRAMMER MAY LOAD A IS-BIT REGISTER IN THE FPU WITH AN 

INTERRUPT EXIT ADDRESS. WHEN A FLOATING-POINT INTERRUPT OCCURS* 

THE FPU AUTOMATICALLY FORCES THE CPU TO JMS TO THE EXIT ADDRESS. 

THE EXIT ADDRESS LOCATION WIL'. CONTAIN THE ADDRESS OF THE LAST 

FPU INSTRUCTION EXECUTED PLUS TWO. 



E.G. 

F^U INTERRUPT OCCURS 

EXIT ADDRESS LOCATION 
WILL CONTAIN "A-i-3" 



A 


FLOAT. ADD 


A+1 


ADDRESS OF 


A+2 


LAC B 


A+3 


DAC C 



ARG. 
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F.XAMPLE PROGRAM CODING 



OP CODES f.TSED: 
MMEMOMIG: AD 
L.D 
STD 



(V) 510100 

000100 

0;')O101 

H001'39 

':?fl0133 

000104' 

OO'-IIOS 

000106 

O0''H07 

000110 

0001 1 1 , 

0001 1 a 

^^01 13 
■■^ 00 I 14 
000115 
0001 1 A 
000117 
000 I SO 
0001 PI 

000 lag 

000133 
000 1P4 

oooias 

000186 



340118 
0401 13 
712340 
0«10114 
713740 
000117 
717340 
000198 
200125 
600186 
101 1P7 
003000 
00 00 A 7 
364Sn 
3 7364a 
000036 
f>07416 
477135 

oooooo 

000000 

000000 

000001 



LOAD=S0, ADD=34, 
DOimLE PRECISION 
DOUBLE PRECISION! 
DOUBLE PRECISION 

y- . LOG 

TAD 
BAG 
LD 



STORE=70 

FLOATING- PC IMT ADD 
FLOAT ING-POIMT LOAD 
FLOATIWG-POINT STORE 



DATAl 

STOR 

mjm 1 



Nf.TMP 



msxi 



DAT A a 

IV'EXT 



AD 

STD 

LAC 

cMP 

1011S7 

O 

4 7 

364a 1 1 

373642 

36 

207416 

477135 







1 



100 

DATAl /C^U IMSTRfJCTION 

STOR /CPU INSTRUCT I OW 

NUMl /DOUBLE PRSCISIOW F.P. LOAD 

/ASSEMBLES IMJO TT-fO 18-BIT WORDS 
MUMg /DOUBLE PREGliSION F.P. ADD 

/ASSEMBLES I^jT0 TWO 18-BIT ¥0RD5 
AiMSW /DOUBLE PRECISIOW F.P. STORE 

/ASSEMBLES INTO TVG 18- BIT WORDS 
DATAS /CPU m STRUCT I OM 
MEXT /CPU IWSTPUCTIOW 



HIGH ORDER 
' MANTISSA 



MAMTISSA 



/EXP0ME^3T 

/SIG-M AMD 

/LOW ORDE? 

/EXPONENT 

/SIGN AND HIGH ORDER MAMTISSA 

/LOW ORDER MA33TISSA 

/EXPOMEiSlT 

/SIGN AND HIGH ORDER MAMTISSA 

/LOW ORDER MASt I SSA 

/CPU, INSTRUCTION 



WHEN THE INSTRUCTION AT 
T'JORDi 7ia340, IS A NO-OPEHATION 
IMNJSDIATELY RECOGNIZEES THE "71" 
UORD. AT THIS TIME, THE FPU DI 
MEMORY REOUESTSj AND THE REST 
IS DECODED - 2340. 

SINCE L=l* THE CPU IS A 
MEMORY. THE CPU NOW THINKS IT 
FROM LOCATION 0(30103. THE CONT 
THE SECOND OPERAND ADDRESS FOR 
CONSEOUEMTLY, THE CPU MUST NEVE 
000103. THIS IS ACCOMPLISHED B 
THE CONTENTS OF OOfdlOS INTO ITS 



LOCATION 000108 IS FETCHED, THE 
IN THE CPU. HOWEVER, THE FPU 
AS A FLOATING-POINT INSTRUCTION 
SABLES THE CPU FROM MAKING FURTHER 
F THE FLOATING-POINT INSTRUCTION 

LLOUED TO MAKE ITS NEXT RJEQUEST TO 
IS FETCHING THE NEXT INSTRUCTION 
ENT OF 000103 IS REALLY nEfiJSil TO BE 
THE FLOATING-POINT INSTRUCTION. : 
R SEE THE "GARBAGE" INSTRUCTION IN 
f DISABLING THE CPU FROM STROBING =. 
BUFFER. BECAUSE OF THE "STIMIJLUS- 
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^T^., r,^ Tuvr rx^v \nr^ COT?E MEMORY, THE CPU WILL WAIT 
RKSPONSE" OPERATION OF ^^f,^^" ^/' *i.„o^t- THE MEMORY BUS I1>J,T0 ITS 
I^ Llf^^O UIMTIL ^'^JlJ-^'lJ^/^^^.^E^BE CPU LEFT OFF, STPOBES 
nnpFEP. ^5EA^3"HILE THE FPU ^^^^ J "" ^„,i*p.„, ^^q ISSUES THE NECESSAHY 
THE CONTENT .-• m^i^-^ INTO THE JJ'j ,^"^*!:5P' f^^ DLM^JY NO-OFEBATIOM 
IcKNOWLEDGE SIGNALS ^« f ^,,?^^,,^?Sf X.SoRY iuS B^ THE FPU, FOLL0..ED 

I-^STFUCTIO^^ WOPD jW^f^J^'ll.'^ ^" . P,TI NO^-^ PLAYS THE ROLE OF A 
HY A STPO^W^^IGWAL TO THE CPU.^^^m ^^ ^.^^^ ^^^^ ^^ ^^^ ^^^_ 

^?CLe!''aGm1 ?HE'FPrDlSABLES%HE CPU FRO. MAKING A MEMORY 

COMPLETE THE DESCRIPTION O^^^^'^^l^il^^^^^OrOF THE LOAD IS A 54-BIT 
PPECISIOW FLOAT I^3G-P0I^3T. THE ^jST NAT 0^ acCTMULATOp IS LOADED VITH 
FPTJ HARD'.7ARE ACCUMULATOH. ^^^-..^f "^^".5^, ATO THE L0%r ORDER MANTISSA 
^E EXPONENT, SIGN AND "^^^^ f ^^.l^^^^^ f f ip^OECTIVELY, THE CONTENT 
FT.0M LOCATIONS M0n^> ''^''^ ^ ^' . "^nn 2 Js SINCF BIT »=0, THSBE IS NO 
OF m^o^S IS THE SECOND OPERAND ADD^^^^ | ^J^pfy 000U3. ^^E^ THE 

INDIRECTION, A^^D THE EFVECTIVF ADDRESS I^ SI ^^.Y ^^^^gsTS AND 

INSTRUCTION IS, FINISHED, THE C U S EN ABL.D^F^^^^ ^^^^^^^ ^^^ ^^^^^ 

pi^AS-POINTlScTio^f A^^EiECUTED IN A SI.ILAH .ANNER. 

mote: I/O MEMORY REQUESTS ARE GIV^. PRIORITY OVER FPU REQUESTS 
TO MEMORY. 



